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(57) Abstract: A proton-conductive electrode useful in 
fuel cells which is constituted of a mixture comprising 
an electron-conductive catalyst and a fullerene derivative 
having, incorporated onto the carbon atoms constituting 
the fullerene molecule, a group releasing a proton (H + ). 
The proton-conductive electrode is produced by applying 
a mixture comprising a fullerene derivative and an 
electron-conductive catalyst to a gas-permeable collector. 

(57) mth: 



m 

CO 
— I 

1 

f— 
m 

o 
O 

13 
■< 



< 



WO 02/13295 Al I Ml lllliB II HBII Hill flit I il III HID I1IB IB1I fflll III lll liB llll llil Bll 

■s . 



2 3t^a-K&t;tt<DBSSI-otx-C(±. &%l&f7Zti& 



WO 02/13295 PCT/JP01/06793 

1 

mmm 

MA J ^^■r^i:v^ofe#M^S^c:S•c3v^-c^$ns#««^<b#7 ^ >'Wx, #fl;t 

>fcmfci <Dm.mtem?&m&*%ir z>mm3 *&mz-&xmmLs commit 



WO 02/13295 PCT/JP01/06793 

2 

£3ffi#M7##;j£U-tV^#, (e") 4i:7nh> (H + ) 8 kykmtfx* 
S^of^ o r ff£s&£ fts to o x 3 rai^mfcff^f -5 t 

ntzmmmuizx^x, mmi*ifflizt>fzvx. m^m^n^^m^mzm^ 

#7©i£$t#M£:£M;:fT£ag& iacn. < @*g©j©-£ 

Cl>T 3 # Settle: Bfift^fts m.M£ bT©at&£lRl±£-fr Sfc&Kls 

Wtb^^\t±y 4 (Nafion : ^a.^>*fcS^) £ v\ o fc 7d b >feagj4©@#; 

±y * *>&ft&7kfr*-\-ftKm®LvrzW:MX'-&^t7'ti h >&m&ffi&f¥m\s 
rnvtcm-muyxtommmjimmitmh^o 



WO 02/13295 PCT/JP01/06793 

» 

3 

^SWIBgfcBifcU rrobv (H + ) ©g¥Hj fcfcfc % **lc«kbrn bi/tfir 

2k#©#:aETT?m^&c}:^ 0 
d b >^SH4©**«AU-C^*77>-l/>il*«:i:«^eS14©M^ii<£^* 



WO 02/13295 



4 



PCT/JP01/06793 



HatTfcfcv^r** #*ifc&tB£$g#u iMtiffltsi t#-e£-5o 
<* n s use^ cd m. w e> -e m *> & k 2 *i & *e * a o . 

Htf®1flfJ|l&fl!HB 

ih 7 9 - w > & ^ -r «t m m t* & * „ 

m 9 A&tfg] 9 *56^©||Sg^fc:MV>fe^l/ s> b ©m Affile] 88 £ 

ei i it*,, b©7-n h >fc*4 s ©®K$c#&£^-rEi-e&So 

ei i 2 its ftrnMizmzru y >fem&mm%m^frmmnm<Dmm^x y$& 



WO 02/13295 



PCT/JP01/06793 



5 

C„ (M2A^m) > Cti (0 2B#I) N Cm C , K Ch, C,u C m& if *> il fc£ 
ti§7^-lx>^^©#^ N % b < {id tie. CD 2;BW±CD$gl^#$fg; L< Jf 1^ 

^tie.©?^-^^^ 1 9 8 5 ^ tut*© i/— tfT^i/-^3 >t«fc^ 

f77^-K-AfflSi^^^^ (Kroto, H.W.; Heath, 

J.R.; O'Brien, S.C.; Curl, R. F. ; Smalley, R. E. Nature 1985.318, 162. ) e 
fll^fc^©8^;&$£#fiii:£*x£©{±Mfc 5^^(DZ\hX. 1 9 9 0^tj^*« 

@©T-^J!ft«&^c^s^5§«>bsMt^^tl^ *ti&m, 7^-]s>i±m.m%k*m 

A*»x Sfcj&£j@£fci&gfiSB-efe3'J>& < 1 6 0 "C 4 0 "Cl!^(/>7*D h 

^-uvt^fgtc^^SSftSnufea^S^ofc'fe©©^-?^ tS^tx 

)\/ (Fullerenol) j hmttiX V^ £ . ^&©*&#£> N Tk^S©^-^^© 
^^l*l@B^)6cirtfi^o^©^t»j3i-i/3>^Rjt|T*2&So 7 5 1/7-M 1 9 
9 2^£Chiang£ lz&-?xm%]lz<&i&m&mm£ tlfz (Chiang, L.Y. ;Swirczevs 
ki,J.W.;Hsu, C.S.; Chowdhury, S.K.; Cameron, S.; Creegan, K. , J. Chem. S 
oc, Chem. Commun. 1992, 1791 ) 0 -SlW±©*tS^iA L fe 7 5 U ^ 



WO 02/13295 



PCT/JP01/06793 



6 

m±\zffiMftmifi£.b & & o iz vtz b z ZLammmt^? ntem^foli it 

ibmMfcnx-xrKihy ^ — jut, d Chiang^ iz&^x i 9 9 4mzm 

&$tlT^% (Chiang. L. Y.; Wang, L.Y.; Swirczewski, J.W.; Soled, S. ; C 
ameron, S., J. Org. Chem. 1994,59,3960) „ ffi,M7kMx-X ^;Wb £ ftfc 7 9 — 
l/>lw(i, — OCD^^|*I^O S 0>H^©2*£^t?<fe©$fc;5 &3VW;*C©g 

r yfemmit. fr^mz7G*^£tiz*m<D&mm*o s o.HSfci^ts^n 
h y-&mm\zw.mmt>z>tz.$>, mmui^^^mm,^^if^mmii-r^ykm. ? 

ft^i^^ot^S 7^ — 1/ >&mZ3£m?&.<D&m%&%, C©£ 
M®.&<Dm^OSO:K&<D tCfcV^T***^ 4-><Z>tttt6>£ 

-r3££#T-£3*:#> N C*KB#t«7nh>© 4 &*#©#&#«&& t> © 
**BW©:rn M/eaufcfcu -toj&iftfv 7 



WO 02/13295 



PCT/JP01/06793 



7 

b< (iJP^a^fetLfi.tVNo M^tts dCD^liaS-OHXfi- YOH 

J*#l»CfcJ\ MIBT-D h >B&&<D&t btfcJu bu IB — O H N -OSO.HM 
£-COOH s -SO.Hs -PO (OH) ,(D\,^?tl1s>&ft$. bVN c 

Mltfe^ct^I^K^ £©MJL3s#l~9 0 %©ISBf*i£&Sc: 

wnM±mzj&j&$ns -mfcm&*m j $>-r£ % 0 ife^ot, mist 

b >^#£Mgli:©*I-£rtt;#*:&JfcT! 1 : 1 0 0 ~ 1 0 0 : 1 "f& i> d i: 

ig-£r#J * #M X « SiJi t Mf& b ^ * ffi 7L Z> © & a o 
^$577i/;-W2 i:S^e^©«^3 i:^^^-r<s^?LK©S-a-#r 



WO 02/13295 



PCT/JTP01/06793 



8 

mm 3 1 & -r s tl m © m &m * & m c mm u * © t- & * , 

77i/;-W2 ti^itt©ii3 ££^-r£^?LM©m-£r^£;iv>-£ 

(h + ) 8 £yfcmjsx j $>mm33xm<Dxx 6(D-?^x&mmiztii£;5mm-z&%o 

mU3 £7*7 VJ-)\,ft=S-2 i:©g^tt5£^K<fe 3*B#tS7 
c S©T?. *&£ lt®7nh >S8£;RtF-£©fei®$|#g©fa±:£0 

^*©T«x Sjif l^T t % I^W tffiffl t^CJlAS-egS. 

it, m*fcm&*m?%m*&&&vfz&Rmttmfrbt<£zz.£&m£.^<, z 

£AttN i -C rjft«tt\ Al.O^M, L i - C r^MM#"ejfeot<t^o 

v>Gm&nm&, ^-acm^b^^w xteiKmizmmx- 

SS. -T&tolE^ SRl«fcs fg2€siu Cft£©!iS«Eliak:&i$£*ifc:7o b >fc 



WO 02/13295 



9 



PCT/JP01/06793 



7nf>6ia9iiv ^i^(i7k^fiit?$)?.^ i« i o mztzmmmx 

jE«S1 Uitii^ifiStS. iEfis 1 1 Cfciu ifc-f b%#|gBJl£j5iffl bfc 

7*0 h >fe^ffi«^£fflV\-5i&gfci:&^o 1 0 tsEM 1 1 S±> 0 8 ic^l"* 

mxa 1 7&t,mmi 9 t-frz&m&mmzn, mma 1 8^?>^m^n*o z. 
(Dmma 1 8«. wi*gm*si±&^„ mxa 1 7 s^bT 
*4 (HO 1 9f± % mi&2 0 %MM? SFItT'a corn h>#H 

«g 2 -e#8£ bfc h >Stfr a >>fef99tMlfe7oh>fcJ:* tzlE«8 

i nw^sn&u ^c-eiAP 2 1 &t>mm2 2 izmifeznxm^n 2 3^1* 



WO 02/13295 



10 



PCT/JP01/06793 



v>tem&nMiz&m$n%7v v >temmz. wcwiRSft*^***©-*? 
gli 

<# y^^b? v— b>©-s-jg&> 

£©-£-J5fc&x Jcffi; (Chiang,L.Y. ;Wang,L.Y. ;Swirczewski .J.W. ;Soled, S.;Cam 
eron, S., J. Org. Chem. 1994,59, 3960)£#%tz: bT*To fe c C.ofci&l 

»/c»7^—\s>m'&%o<Dm3i2 g%&mmn3 omitficg!c N ^iii^^^ 

6 o°Ci;:«*>fc#£ 3 Blta&i$bfco f§?>nfeHiife%^ N **af*3T*#-S>bfc&* 

^^Jlt^ — T-)]/-? 3 (§U XV a: — ^ViiT'-fe h U/KD 2 : 1 

T- 2 0&$tbfc&h. 4 O'CfcTMfficft-^^-a-feo ICv £©&*&!$)£ 6 0 

ml©-* 8 5 °C-zmmz£Z>M7V >^£*tVn&#£> 1 0 

<fcd^bT#e>tlfc^«©^©FT- I R^^%=fT^feilC:5> .LIB*** ICS* 
Co (OH) u© irx^^ h;V£iJf£— gtU £©t&5fc#@fa^X& 

+ HaO 

C+H2SO4 >Cio(OS0 2 0)x >C«(OH) » 

(SOa) (x = 5 ~ 6 ) ( y = 1 0 ~ 1 2 ) 

y fttn^^io ^-^^rqj-s©^i/x^^ofco en©^©rbx£Ea^ 5 

hVcm'-e^ofe, -£©Sgjjl N £©# y^ki^b:?^ — b>©!|^*{i, 



WO 02/13295 



11 



PCT/JP01/06793 



B^mf^bfeo *#£>ftfcHJ&^£s *»rtT?#^b&todcS>:n*-;v:n — 5=-;i,ij3£ 
^b-T-otSTbs ^ ©$*!&#>£ Si jfr#$iT#S'J U Mfc^ac^^j: — 7^^^ 3 0 N 
S^^^^>>V^— ^^VilT-k V- h 'j;i/© 2 : 1 M^T! 2 laliSfc*t»bfc^ 4 0 
°Ctc:T^JET-e|g«l^^rfeo C©io!l bTt# £ ft F T - I RSJ^fcfT 

ofct^^s iiu§B:*:i&4n::^:2ftT^.& s T^Xco&M&ttmMTkm^XTfrfc 

£ftfc%©© I R;*^ h)l>bm2~ Scb, iCD^*^@6?J^®-efeS^'J*^ 
JtiB©&JS{£> 09;U£C„ (OH) ,fco^T&© «fc -5 iz^t>TZ. hlfiX £ § (W 

t\ mm) o 

+ H2S04 

Cl, (OH) y >C«I (OSOsH) y 

^£&vuc:<&*6jfc> j*J£ttfc«ft ^SKi^u y Mbf-sc t&T-g 

fee c:©^by h±jp^#$j3 0 0 5. ?n>-e N c ft £ * v Tkm-fb 7 -5 — 



WO 02/13295 



PCT/JP01/06793 



12 

7mhz*^o. o i h z £X(D&mn& mm o . 1 v) %oumv, &m$im 
otm2mi i iKDmiz^ti^timm 1 4 a 1 4 b i^^u-t^So ^ 

«5£* ^K-^i/^ZHU Z = R e (Z) +i • I m (Z) xmztl, 
(_tlB©iti&0!l) ©^fflfiH18&T?& *K @tf©9 aii77-V>gIi"Cfe5o 

1 0 (I^to 



WO 02/13295 



13 



PCT/JP01/06793 



^JSfll©^.^ >y Mcfc^THU :fc:fe<fc^ 5 x l 0'S/cm£;if-#£*i 

h) ±m(D&mj xmm% 1 e o o ca>e>-4 o-cst-©ms 

igl47V->!7Xi07D yh£bT^bfc©#^ll--ei&;& 0 Ci© e };-5fc: N 1 

t^7D b >©^#*SRrt6t-fe^o 

2 0«-«%©-ejfc3ft»ffl».*ivfc : 5 0nm) _t 
iBfc^^Hfe^UTkm'fb^^ — b >8RM7jc^i^^;i/©!|f&5!e^a^Jt 1 : 2t?I 
^rU ff7tpD77> (THF) *H&icS*fc« N :*j-*>^.-;i-©±k 
&&(Dmm&& 1 mg/cm'i:&5J;5 £^*frbT^ jWBWK:*^ < ? 9 by - 

: 2 5/zm) §7D F>^flcklt3ti§ 



WO 02/13295 



14 



PCT/JP01/06793 



m: 5 0nm) ts ±7 4 *>mm*m^T, &&(DMW£ifi 1 mg/cm\ ± 

121 2 tjiBt-wt ^-7 *>m*&mn(Dikmmizit^ mmmm*>\Pi±\.xjs ^ 
ttnmmg.JSi.vmij%f&*mz>z.b&X'it2> 0 



WO 02/13295 



PCT/JPO 1/06793 



15 

2. Buiara h >mm¥k<Dm&, -xh (x^^c^^^-ra^©!^ 

3. mm-ru v>mm&<D&tfis -ohx»-yoh (Y«2ffi©sg-&^*^-r 

4. HUHBrn h >j§f$H*eDg# N -OH. -OSO,H. -COOH. -SO.H. 

-po (oh) ,(D^irtifr& *)m&tiz>m~c$>z>m&<Dmmm3mzm<D7'u h 

: 1 0 0~ 1 0 0 : 1 3St;3<©i5H8S 1 ^SBm©rn h >£i|$ti. 

i o . luiBM-^feoMJL^^s i ~ 9 o %^$)Sit^£DigHm i mtzmcoru V 



WO 02/13295 



PCT/JP01/06793 



16 

i4. B5BB#*3i$a&itmflU:Cs mmm^&mmzm? zm*& o . i~io 

mg/cm'#St§i^©iHi 8JgiB*5©7*o b >fe#4£«Mo 

1 5 . mffi?^- U mW&km*^ Cm (m = 3 6 , 6 0, 

70 N 7 6, 78. 80, 82, 8 4^) "e& 3 fjt#©f5Hf|S 1 3HB&© ZTXi Y 

1 6 . 77-i/>^$I)tti^gf(;7n h >fl?j8H£©g£i!IAbt:£.& 

17. taiBT-D h >^sstt©s^x -xh (xfi 2m<D&^*^-tz>&m<Dm 

1 8 . buIB^D h >#pgfH$©^£, -OHXIi-YOH ( Y{i 2 ffitDKrM^tt 
t^fftOl^* L < lilf B(t!S 5. ) £TZ>mm<D&Wm 1 6JgfBi&©:7*n 

1 9 . iHiarn b>mm&<z>m*s -oh, -oso,h, -co oh, -so>h, 
-po (oh) iv^-rtifr&bm&nzmttzm&vmmmi 6mmme>7v 

2 o. y.u b>um&mm%&iiRKMmirz>m*<Di&mmi emmm®?* b 

2 1. BuiB^-&%4, mm#xmm&mnfc±\zmmx.iiimmmmizM4fi-?%m 

22. ttriBgfi^^, «^a#«^*-rsji^^ffi^b}fc#?LK«^iii-sM^© 

2 3. fifB®^^*©B5i37 5-b>B^fcBulBM^ii©$g-&i±^, MStkT* 
1:100-100:1 fctSi^CftHi 1 6^IB«©rn 1> >fe*#«fig© 

2 4. buSBM^©^?L^*, 1 ~ 9 0%fct5i$©l6ill 6^fB«©rp 



WO 02/13295 



PCT/JP01/06793 



17 

2 6. mmm^Bm^^-r^m^^^^h u -mM^nun^ti—^>^^.t 

i ~ 5 omm.%n-tz>m>£<D!&m%i 2 2^moyu y yfcm'&nmowjk 
28. mmux&m&8kmfc±iz, mmn : ?&m&*m?%m**o . i~io 

2 9 . V^fc, OTI^7X^-^fCm (m= 3 6, 6 0, 
7 0. 7 6, 7 8, 8 0, 8 2, 8 4^) ii lf3c©8Sfflfg 1 6 3tfB«© 7D 
h >£4H£ttffi<Z> 

^tsmss^, nutans iM%.v*mffim2m(Do%>pte< t%mmn li^t^tt 

W£«J?Mb^:r;W*«, 

3 1. f&iBra h >-J»«tt.©2t#^ -XH (Xl± 2m<Dl&<&^%%.?2>&m<Dm 

u^jk^hu HiiTk^^^^So ) -sit* ©is bus 3 omum&m 

3 2 . huSBT-D h >#Mffitt©g#, -OHXfct-YOH ( Y{± 2 Iffi 
tSffilOl?* b < &It : ?HT*&3 0 ) T-&3if:£©f§BSfS3 0^IB«©«M 

33. bu!B:/D h >#p$M£©S#, —OH, -OSO,H, -COOH, -SO,H, 

-po (oh) i©v>-rn^,fc >)3iatis^T-$)SM^©i5H^3 o«iB«©m^, 

3 4. iiugB*gl^#, #?LST-fe^m^©lgffl^ 3 0 JgfBmomi^b^T^W * „ 



WO 02/13295 



PCT/JP01/06793 



18 

3 6. mmm^mv, #x&m&mmfc±izmfttzMj&2tixte%m&<D$imn 

3 8. mmm^m^(Dmmy^-u>mm<^hmmmii(DM'^itifi, mm.&x 
i:ioo-ioo:i %m$.<Di&mm3 o -mmmvmm,^? >u * o 

3 9. KNaS'&ttcDajl*;^ 1 ~9 0%-e^^|f^CDtlH^3 0J«iB«(Z)«m 

4 0. BiriB:ff*jgSi4$Ji«tt#, *-^?>^— 7i--efc£ii;£©|gBfi§ 3 o^ia 
f&ott^vfb^^w*., 

4 1. HuiBm^fcSStt£^-r3I^#G&-e& D, BufS#?Lfl&3ft# 

5kx- feasts ©is bib 3 imt^mommb^n^ 

4 2 . MfB#?LH#^^MbTS^^n-5MlBS^e^*W-r^J^^©fiJ#* 

43. «riB#^aatt*«flt±»=. mmm^m^mt^m^ifio . i~io 

4 4 . §&IS:7 7-U>#^#, WI^77^-^Cm (m= 36^ 6 0, 
7 0, 76s 78. 8 0, 82, 8 4 <§) X& 3 f»;£©$&B^ 3 0 ^§B«S©ftm 
-fb^^^W^o 

4 5 . t&iafg imwmzmo&u < b<b~j3&xxmmx'&zm#i<D&mm3 

4 6. mmnnih^TJ*^ «s«smhbT«ij^$tiTVNSM^©i6H^4 
s^fiBmom^rb^^w 



WO 02/13295 



PCT/JP01/06793 




WO 02/13295 



PCT/JP01/06793 




WO 02/13295 



PCT/JP01/06793 




4/9 




FIG.4B 



WO 02/13295 



PCT/JPO 1/06793 




WO 02/13295 



PCT/JP01/06793 




[ 



WO 02/13295 PCT/JP01/06793 



7/9 



11 



13 



12 



10 

i 



14b 



14a 



FIG.9A 




FIG.9B 



WO 02/13295 



PCT/JP01/06793 



8/9 



-S. 5 B+05 



-3. B+05 



S -2. 5 B+05 




0. B+00 



Q.B+QO LB+05 2. B+05 

Re (Z) (Q) 



3. B+05 



FIG.10 



7 L E-04 
o LE-05 

CO 




I.E-08 1 ' 1 — ■ 1 1 1 

2 2. 5 3 3. 5 4 4. 5 



1/ (TCK)) X 1 0 0 0 



FIG.11 




FIG.12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Ef BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



